Aim: A study was conducted to determine the overall risk and incidence of hypertension with bevacizumab in non-small-cell lung cancer (NSCLC) patients. Materials and methods: Electronic databases such as the Embase, PubMed, and Cochrane Library were searched for related trials. Statistical analyses were conducted to calculate the overall incidence rates, odds ratios (ORs), and 95% confidence intervals (CIs) by using either random-effect or fixed-effect models depending on the heterogeneity. Results: A total of 3,155 subjects from nine studies were included. The overall incidences of all-grade and high-grade hypertension in NSCLC patients were 19.55% (95% CI 10.17%-34.3%) and 6.95% (95% CI 5.81%-8.30%). Bevacizumab use was associated with a significantly increased risk in all-grade hypertension (OR 8.07, P=0.0002) and highgrade hypertension (OR 5.93, P,0.0001). No evidence of publication bias was determined for the ORs of hypertension in our meta-analysis. Conclusion: Bevacizumab is associated with a significantly increased risk of hypertension development in NSCLC patients. Early monitoring and effective management of hypertension might be important steps for the safe use of this drug.
Introduction
Lung cancer is the leading cause of cancer-related mortality in the world, and non-small-cell lung cancer (NSCLC) is the diagnosis in approximately 85% of lung cancer patients. 1 Platinum-based doublet chemotherapy is the first-line treatment option for NSCLC; 2 however, only 35% of the patients respond to standard treatment. 3 Targeted therapies, such as the vascular endothelial growth factor receptor (VEGFR) inhibitors or other monoclonal antibodies, have been clinically validated to improve the outcome of NSCLC patients. 4 ,5 vascular endothelial growth factor (VEGF) can activate VEGFR and downstream signaling molecules, thereby promoting tumor angiogenesis. Bevacizumab is a novel orally recombinant humanized monoclonal anticancer agent that inhibits the VEGF pathway, which is a crucial growth driver for tumor growth, invasion, and metastasis. 6 The clinical benefits of bevacizumab administration in NSCLC patients have been observed in several trials. 5, 7, 8 In a previous Phase III trial, bevacizumab reduced the risk of disease progression by 50% in NSCLC patients compared with controls. 9 In a previous meta-analysis, the inclusion of bevacizumab to platinum-based chemotherapy significantly extended progression-free survival and overall survival. Bevacizumab can effectively treat NSCLC, but using this drug can lead to significant toxic reactions, such as diarrhea, nausea, hemorrhage, fatigue, neuropathy, joint pain, venous thromboembolism, and hematologic toxicity. 8, 11, 12 NSCLC patients treated with bevacizumab may also develop hypertension. A Phase II study of Japanese patients who received first-line carboplatin-paclitaxel (CP) with or without bevacizumab showed that 57 of 119 patients who received bevacizumab had developed all-grade hypertension compared with six of 58 patients in the control group. Grade $3 hypertension was not reported in any patients treated with CP alone, but the condition occurred in 11% of the patients treated with bevacizumab-CP. 11 However, because of the limited number of hypertension events in each clinical trial, the overall incidence and risk of hypertension caused by bevacizumab has not been well defined. A study on the occurrence of hypertension in patients receiving bevacizumab treatment may offer additional insights into the underlying mechanisms, risk factors, and potential management strategies. Moreover, hypertension events should be monitored because poor management may lead to serious cardiovascular events, dose reduction, or even life-threatening consequences. Therefore, we conducted this meta-analysis to investigate hypertension incidence and relative risk among bevacizumab-treated NSCLC patients.
Materials and methods search strategy and study selection
Because this study was based on data extracted from registries, it was exempt from human subjects review, and members of the study population did not have to provide informed consent. We searched electronic databases for literature published up to April 2015; these databases were Embase (from 1974), PubMed (from 1967), and the Cochrane Library. The search terms, used as free text or MeSH (Medical Subject Headings) terms for the queries, were: "non-small-cell lung cancer" and "carcinoma, non-small-cell lung"; "bevacizumab"; and "randomized controlled trials", "clinical trials", "controlled clinical trials", "clinical trial as topic", or "randomized controlled trial as topic". In addition, we searched for relevant randomized controlled trials (RCTs) among the meeting abstracts and virtual presentations of the American Society of Clinical Oncology (http://www.asco. org/ASCO) published up to 2015. Additionally, we searched a clinical trial-registration website (ClinicalTrials.gov) to obtain information on registered clinical trials.
Study selection was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. Clinical trials that met the following criteria included: 1) patients with NSCLC, 2) prospective Phase II or III RCTs that compared bevacizumab with controls, and 3) available data regarding events of hypertension. Data on hypertension were extracted from the safety profile of each RCT. These clinical end points were obtained according to the Common Terminology Criteria for Adverse Events (CTCAE) of the National Cancer Institute (http:// ctep.cancer.gov/reporting/ctc_archive.html).
Data extraction and quality assessment
Independently, two investigators (Yunliang Zheng and Jian Chen) extracted data from the included trials, and the respective studies were retrieved for further consideration if judged pertinent by one or two reviewers. Any discrepancies were identified and resolved by consensus. For each trial, the following data were extracted: first author's name, year of publication, treatment arm, media progression-free survival, media overall survival, number of patients in the bevacizumab and control groups, and adverse outcomes (allgrade hypertension and high-grade hypertension). The Jadad criteria were used to assess the quality of all included RCTs in this review. 13 Scores ranged from 0 to 5, with a high score indicating a high-quality study.
Data analysis
The principal summary measures were the incidence, odds ratio (OR), and corresponding 95% confidence interval (CI). For the calculation of incidence, the number of patients with all grades and high grades (grades 3 and 4) of hypertension, as well as the number of patients receiving bevacizumab, were obtained. The proportion of patients with hypertension and the 95% CI was derived for each study. The OR of hypertension was only calculated for studies that assigned a control group in the same trial. P-values less than 0.05 were considered significant. The Peto method was used to calculate the OR and the 95% CI, because this method provided the best CI coverage; this method was more powerful and relatively less biased in addressing low event rates.
14 Heterogeneity was assessed by the Q-statistic and I 2 tests among clinical trials. 15, 16 Heterogeneity was considered statistically significant when P,0.1 or I 2 .40%. If heterogeneity was present, the data were analyzed by a random-effect model; otherwise, a fixed-effect model was used. The presence of publication bias was evaluated by funnel plots, Begg's test, and Egger's test. 17, 18 All data analyses were performed with R software, 
Results

search results and trial characteristics
A total of 1,776 studies were retrieved from an initial search. After reviewing each study, 1,767 studies were excluded. Figure 1 outlines the details of the selection process. The remaining nine studies 8, 9, 11, 12, [19] [20] [21] [22] [23] had a total of 3,155 subjects that met our inclusion criteria, and were included in our analyses. The age of all subjects was over 18 years. The number of female subjects was 769 in the bevacizumabtreatment group, and the number of female subject was 527 in the control group. The characteristics of each trial are summarized in Table 1 . The quality of the nine clinical trials was high: two studies had Jadad scores of 5, 9,12 which provided the number of patients who withdrew and dropped from the trials, as well as described the methods of randomization and blinding. Two studies had Jadad scores of 4, 8, 11 which were attributed to the fact that the investigators did not appropriately describe the methods of blinding or randomization. Five studies had Jadad scores of 3.
19-23 Meta-analysis was performed by following the guidelines of the PRISMA statement ( Table S1 ).
incidence of all-grade and high-grade hypertension
A total of 402 patients from six studies 8, 11, [20] [21] [22] [23] were treated with bevacizumab, and the incidence of all-grade hypertension was analyzed. The incidence of all-grade hypertension ranged from 5.36% to 47.9%. The highest incidence occurred in a Phase II trial of Japanese patients with advanced nonsquamous NSCLC. 11 The lowest incidence was recorded in a Phase III trial. 23 Based on data from included trials, the calculated overall incidence of all-grade hypertension was 19.55% (95% CI 10.17%-34.3%; Figure 2 ) according to the random-effects model (I 2 =88.3%, P,0.001). High-grade (grade 3 or 4) hypertension had serious adverse reactions that might have been associated with distinct morbidity and could result in the discontinuation of bevacizumab treatment. A total of 1,680 patients from seven trials were available for the incidence of highgrade hypertension analysis. 8, 9, 11, 12, 19, 20, 23 The incidence of high-grade hypertension ranged from 2.99% to 10.92%. The highest incidence occurred in the Phase II trial of Japanese patients with advanced nonsquamous NSCLC. 11 The lowest incidence occurred in patients with advanced or metastatic NSCLC. 8 The overall incidence of highgrade hypertension was 6.95% (95% CI 5.81%-8.30%; Figure 3 ) according to the fixed-effect model (I 2 =24.9%, P=0.2392).
relative risk of all-grade hypertension
The specific contribution of bevacizumab to the development of hypertension in patients was determined by excluding the influence of confounding factors, such as history of other therapeutic interventions. We calculated the OR of all-grade hypertension between the bevacizumab and control groups. The pooled OR for all-grade hypertension cases indicated that bevacizumab treatment significantly increased the risk of developing all-grade hypertension in NSCLC patients, with an OR of 8.07 (95% CI 3.87-16.85, P=0.0002; Figure 4) 
Publication bias
No evidence of publication bias was found for the OR of hypertension in our meta-analysis by funnel plot (Figure 6 
Discussion
Bevacizumab has been clinically validated as a targeted agent against in NSCLC by inhibiting the signaling pathways of VEGF. 9, 12 Unlike traditional chemotherapy agents, [24] [25] [26] bevacizumab has advanced efficacy and 
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hypertension risk of bevacizumab in nsclc lower toxicity. However, adverse effects in patients with bevacizumab treatment include hypertension, nausea, hemorrhage, fatigue, and neuropathy. 27, 28 Hypertension is commonly associated with bevacizumab in clinical trials. This condition may lead to serious cardiovascular events or even life-threatening consequences. The incidence and management for hypertension is important in NSCLC patients with bevacizumab treatment. However, the overall incidence and risk of bevacizumab-induced hypertension remains unknown. The present meta-analysis was performed to calculate its overall incidence and to compare differences in incidence rates between bevacizumab treatment and controls.
Meta-analysis is a formidable statistical tool that can be used to assess the incidence and risk factors of drug-related adverse reactions. Meta-analysis results can increase the number of clinical samples and improve productivity based on statistical evidence. In addition, meta-analysis reaches more valid conclusions for the selection of suitable therapeutic schemes in clinical practice. To the best of our knowledge, we are the first to estimate the incidence and risk of hypertension associated with bevacizumab treatment in patients with NSCLC.
Our meta-analysis included a total of 3,155 subjects from nine studies, and we demonstrated that the overall incidence rate of all-grade hypertension was 19.55%, whereas the incidence rate of high-grade hypertension was 6.79%. There are also several factors that should be considered in the rate reported in our study, such as the size of each selected study and patient features (sex, age, etc). Additionally, the use of bevacizumab is associated with significantly increased incidence of all-grade and high-grade hypertension compared with controls. The OR of all-grade hypertension was 8.07, and that of high-grade hypertension was 5.93. According to a report by Hong et al, 29 the relative risk of all-grade hypertension in advanced NSCLC patients treated with angiogenesis inhibitors was 3.23 (95% CI 1.93-5.41, P,0.001), and the relative risk of high-grade hypertension in advanced NSCLC patients treated with angiogenesis inhibitors was 5.42 (95% CI 4.06-7.22, P,0.001). Our results were similar to Hong et al. Based on our results, we concluded that bevacizumab treatment was associated with an unexpectedly high risk of developing hypertension. Continuous monitoring and effective hypertension management are important during bevacizumab treatment. Bevacizumab is used to treat a more heterogeneous patient population than those found in clinical trials. More effort is required to limit the risk of hypertension. Bevacizumab-administered patients need to be carefully monitored for hypertension symptoms, especially if these patients have cardiovascular disease or other risk factors. 30 Furthermore, the use of bevacizumab can cause high-grade hypertension, as described by the CTCAE of the National Cancer Institute. Therefore, patients treated with this drug should be monitored for symptoms, such as fever, dyspnea, and hypoxemia, during bevacizumab administration. Clinicians should be aware of the possibility that any patient treated with bevacizumab may develop hypertension, especially those at high risk. In addition to its anti-NSCLC properties, bevacizumab is used against other tumor types, particularly colon cancer. 31, 32 The incidence of hypertension in other cancer patients should be considered.
The mechanism of bevacizumab-associated hypertension has not been clarified, and may be associated with the suppression of nitric oxide production in endothelial cells. 33 Whether via pharmacological or genetic methods, the inhibition of the VEGF pathway in endothelial cells can induce thrombotic microangiopathy, endotheliosis, and narrow capillaries in patients treated with VEGF-targeting agents. 34 The relationship between hypertension and the patient's response to bevacizumab may be related to gene polymorphism. Previous studies have determined that genetic variants of the VEGFR and vascular endothelial growth factor A (VEGFA) are associated with the patient's reaction to bevacizumab treatment. 35, 36 These genetic variants could increase the response of endothelial cells to anti-VEGF-targeted agents, which may be directed at the increased risk of cardiac toxicity. Therefore, patients developing hypertension during bevacizumab therapy may be influenced by these variants. Hypertension associated with polymorphisms of VEGF has been reported in patients treated with sunitinib and bevacizumab. 37 Although bevacizumab-associated hypertension is an important side effect reported in clinical trials, the management of this side effect is controversial. Guidelines of the American Heart Association 38 and the European Society of Hypertension 39 do not mention measures against induced hypertension. Furthermore, no evidence-based suggestions are available. Therefore, clinicians are free to choose the best therapeutic strategy for their patients. A large number of clinical trials have shown that the main effects of antihypertensive treatment are largely independent of the drugs used. In addition, β-adrenoceptor antagonists, angiotensin converting enzyme (ACE) inhibitors, angiotensin-receptor antagonists, and calcium antagonists can adequately lower blood pressure and markedly decrease the frequency of cardiovascular events. 40, 41 Therefore, all the aforementioned agents can be used as antihypertensive treatment either in alone or in combination. Of course, it should be noted that because VEGF inhibitors interact with cytochrome enzymes, the metabolism of some antihypertensive drugs, such as calcium-channel blockers, is affected, and hence, these antihypertensive drugs may not be effective in patients treated with VEGF inhibitors. According to the British Columbia Cancer Agency recommendations for the management of adverse effects of bevacizumab, a thiazine diuretic should be the first-line treatment and angiotensin-receptor blockers or ACE inhibitors can be the second-line treatment. However, diuretic treatment of patients under concurrent chemotherapy should be performed with caution to prevent volume depletion. 42 Our meta-analysis has several limitations. First, we may have underestimated the incidence of bevacizumab-associated hypertension because of the definition of the CTCAE. Under the CTCAE, patients are considered hypertensive only if the blood pressure is greater than 150/100 mmHg or the diastolic pressure is increased by more than 20 mmHg. In our study, this strict criteria would have reduced the number of hypertensive patients compared with the real-world criteria for the diagnosis of hypertension (140/90 mmHg). Second, RCTs have strict inclusion and exclusion criteria. Only patients with adequate major organ function are included in these trials; therefore, the results of our meta-analysis may not represent actual patients. 43, 44 Our results may not 
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hypertension risk of bevacizumab in nsclc be applicable to the general population in daily practice. Third, hypertension events are collected for each individual trial, but potentially differences among the trials may exist, as follows: various international institutions, administration schedules of bevacizumab, and periods of study. All of these differences would increase the clinical heterogeneity among the included trials, 45 which contributed to the difficulty of interpreting the results of our analysis. Finally, the treatment designs varied, and the analysis did not focus on individual patient data. Meta-analyses that are based on published data tend to overestimate the treatment effects compared with individual patient data analyses. 46 
Conclusion
Our study suggested that bevacizumab treatment in NSCLC patients is associated with a significantly increased risk of developing hypertension. Early monitoring and effective management of hypertension could be an important step for the safer use of this drug. Further studies should be conducted to identify the mechanism of bevacizumab-associated hypertension.
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